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Introduction

Since the initial work of Dawson
(1947) on the somatosensory averaged evoked response,
studies of the evoked

potential (EP) have come to cover several
modalities and
to be oriented to a variety of questions.
Aside from
the issues of the clinical and basic
neurophysiology
significance of the EP, recent research has also
come
to consider whether or not the EP reflects
perceptual

information.

Among the earlier studies to allude to

this issue, Geisler, Frishkopf, & Rosenblith
(1958)

found that the intensity of an auditory click stimulus

that was minimal for the production of an EP wave closely

corresponded to the psychophysical threshold for the stimulus.

Rap in (1964) also gave evidence for a high cor-

relation between audiometric and EP thresholds.
Within the visual system, EP correlates of perceptual

phenomena were further pursued by Donchin, Wicke, & Lindsley
(1963).

These authors looked at the EPs associated with

a perceptual masking-enhancement paradigm.

In this design

a test flash and a second, brighter (xlOOO) "blanking-

flash are paired, using various interstimulus intervals (ISI)
If the interval is short (0-25 msec), the second flash masks
the first, and if the interval is long (over 100 msec),
the two flashes are seen as distinct.

As the ISI decreases

from 100 msec to 25 msec however, the apparent brightness of
,
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the test flash increases (enhancement), reaching
a

maximum just before the masking stage occurs.

Look-

ing at the EPs, Donchin et al. found the waveforms

were of three types, and that the waveform differences

paralleled the perceptual phenomena.

Thus the EPs

showed distinct waveforms to the two stimuli at ISIs
of 250 and 500 msec,

interaction of the waveforms be-

tween 25 and 100 msec, and a single waveform resembling
that of the masking flash at ISIs below 25 msec.

These

authors also considered that the interaction of the
stimuli may be due to algebraic summation of the responses to the individual stimuli.

Hypothetical wave-

forms were therefore constructed by adding the single
EPs, and the waveshapes of the hypothetical and real EPs

were found to be similar.

Although the authors emphasize

the "remarkable similarities," their analysis is limited
to inspection of the tracings, and they also offer no

explanation of why additive interaction should lead to
enhancement of the test flash rather than the masking
flash.

Nonetheless, the overall waveforms do suggest

some parallel between changes in the perception of the

flashes and the changes in the EP waveshape.
It is interesting to note, as does Uttal (1965)

*

tha.t

work with paired somesthetic stimuli has not at all found
the additivity suggested by Donchin et al.

Allison (1962),

Shagass & Schwartz (1962), and Uttal & Cook (1964) all

reported that the EP to the second of two stimuli paired

within 100 msec was subject to temporal inhibitions that
led to "vast deviations from a simple additive process."

Uttal suggests, though, that these differences may be

partially due to the especially large amplitude differences that Donchin et al. used with the two stimuli.
Wicke, Donchin, & Lindsley (196*0 examined the effects

of stimulus luminance and duration on the shape of the

visual EP.

Previous studies had generally confounded

luminance with apparent brightness by using constant
stimulus duration.

According to Bloch's law (Bloch(l885)

the apparent brightness of a flash that is shorter than

some critical period C (usually around 100 msec), is a

function of the luminance-duration product, or total
luminous energy.

Wicke et al. examined once again the

effect of luminance on the EP (with duration constant),
but also looked at the evoked waveforms associated with

constant luminous energy produced by reciprocal variation
of luminance and duration.

Using both circular and semi-

circular stimuli, the authors first found an increase in

number and amplitude of EP components, and a decrease in
waveform latency, as flash luminance was increased. The
same trends appeared with both stimulus shapes.

Thus,

for example, for either of the stimuli, luminance more

than three log units above threshold elicited EPs with

),

more than two diphasic components.

In their application

of Bloch's law using three different
luminance-duration

product values, EP waveform and amplitude
were consistently a function of the total luminous energy.
On the
other hand, luminance by itself had an
influence on EP

latency as a whole that was independent of the
luminanceduration product. Thus as luminance was increased
within
a particular product value, the EP
waveshape remained

essentially the same but appeared at decreasing latency.
In general then, this study of Wicke et al. again re-

vealed evoked potential correlates of

a

perceptual prin-

ciple.
In significant contrast with the results of both studi«

by Donchin, Wicke, and Lindsley, are the findings of

Schiller & Chorover (1966) in their examination of the

metacontrast phenomenon.

Under this paradigm two equally

intense visual stimuli with adjacent contours are presented in rapid succession.

While at interstiraulus in-

tervals of less than 10 msec both stimuli are clearly
seen, as the interval increases the first stimulus

appears dimmer, virtually disappearing at 40-100 msec
separation, then returning to its original brightness
as an ISI of 200-250 msec is reached.

If perceptual

phenomena are again reflected in the EP, then decreased
apparent brightness should be paralleled by decreased
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amplitude and increased latency of the waveform
(ie.
changes similar to those seen when stimulus
intensity
is actually decreased).

After again showing the con-

sistent EP changes that are a function of stimulus
intensity, Schiller & Chorover showed that no correlates
of metacontrast suppression can be seen in the EP to
the first stimulus of the pair.

The amplitude and la-

tency of the early EP components remained the same throughout the range of interstimulus intervals.

These authors

also examined the additivity hypothesis of Donchin et al.,
and by inspection of the actual and hypothetical EPs

concluded that there was "little support for the view
that later components ...represent a summation of evoked

responses to the individual stimuli." Schiller & Chorover

suggested that the differences between their findings
and those of Donchin et al. may indicate different medi-

ating mechanisms for the suppressions involved in masking and metacontrast.

However, the problematical nature

of the opposite conclusions of the two studies might
be noted here with reference to the EP tracings compared

in the reports.

In both cases the authors make non-spe-

cific allusion to the obviousness of their conclusions
in a manner that does not seem completely justified.

With reference to their use of both circular and serai-

circular stimuli, Wicke et al. briefly approached the

question of EP correlates to patterns of
visual stimulation.
Their emphasis on the effect of luminance
on

the number of major (and generally early)
wave compo-

nents, led

them to state that "differences in contour

and retinal area play a small role in determining
the

waveform of the averaged evoked potential."

Subsequent

studies by others, however, have focused more on later

components of the EP (latency greater than 160 msec),
and reliable differences that are a function of contour

density and pattern have been reported.

More specifically,

Spehlmann (1965) described differences in EPs elicited
by diffuse and patterned (checkerboard) light stimuli.
He found that while unpatterned light produced a surface

positive wave at 80-120 msec latency, a patterned stimulus
caused polarity reversal of this earlier component and the

generation of a larger positive component at 180-250
msec (P200).

Smaller differences were also seen between

patterned stimuli having different degrees of interface
density (number of contrast borders per unit area).

It

is noteworthy that in Spehlmann' s study the number of

major early components in the waveform remained generally
constant across all experimental conditions, thus reflecting the controlled luminance.

That the EP differences

depended upon the projections of patterned light upon the
retina, was further demonstrated by the reverting of the

7

,1

patterned light EP back to the waveshape associated
with
diffuse light, when the perception of pattern
was blurred
by 10 diopter lenses worn by the subject.
In addition,
the differences between diffuse and
patterned light were

found to be consistent over a wide range of flash
intensities.

Spehlmann's results were largely confirmed by

another study using checkerboard patterns, that of Rietveld (1967), who found that the size of the units in
the

pattern had some specific control over the amplitude of
the late component.

The question of EP correlates to pattern perception

was further pursued by John, Herrington, & Sutton (1967).
In this case again several findings supported the notion

of specificity of the EP waveshape with respect to visual

input.

These findings included:
r

Response to a blank visual field is altered by
the presence of a geometric form in the field,
ii. Different shapes of equal area elicit different
i.

EPs.
iii. Similar shapes of different area elicit similar
EPs.
iv. Different words equated for area give different
EPs.

These conclusions were again based on visual inspection
of the waveforms, but the judgments here seem more clear-

cut than in the earlier studies of Donchin et al. and

Schiller et al.

John et al. also added the use of their

own waveform descriptor, of somewhat limited value due to
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its unknown statistical properties.

The results of this

study also showed, as did those mentioned above, that EP

differences associated with pattern change occurred at a

latency of 180-250 msec.
In a study of the effect on the EP of the grouping

of line and dot stimuli, Beatty & Uttal (1968) also found
a consistent relation between this type of stimulus change

and the amplitude of a major component at 200 msec latency
In this case increase in degree of grouping correlated

with decrease in component amplitude.
While the studies mentioned thus far have dealt with

changes in the EP that are associated with changes in
the stimulus array (eg. duration, intensity, pattern,

orientation), the question of perceptual correlates is

also addressed by examining changes in waveshape that
are a function of "meaningfulness" of the stimulus,

while the physical features of the stimulus are kept constant.

A number of studies have shown attention to be a

factor that reliably influences the evoked response to
any particular stimulus (see, for example, Garcia-Austt,
Bogacz, & Vanzulli (1964); Davis (1964); Haider, Spong,

& Lindsley (1964); Spong, Haider, & Lindsley (1965);
Gross, Begleiter, Tobin, & Kissin (1965); and Ritter &

Vaughan (1969)).

These studies involved counting, discri

mination, or simple "attending" tasks, so that "meaning-

fulness" of the stimulus in question
is in terms of task
requirements.
While Gross et al. found broad amplitude
and latency changes across the entire EP,
the other studies
cited reported that attentional changes
primarily influenced the amplitude of late components.
As in the studies concerned with stimulus
pattern, it
is again changes in P200 that are frequently
associated

with attentional fluctuations.

Insofar as a large posi-

tive deflection at this latency can be found
in auditory

and somatosensory as well as visual EPs (when
monopolar

recording is used), this component has previously been
considered as possibly modality nonspecific (Goff et al.
(1969)).

While its distribution differs somewhat with

respect to the three modalities, in all cases it is at

maximum near the vertex of the skull.

This "vertex

potential," which is currently viewed as modality-specific despite the cross-modality similarities in conforma-

tion and distribution, is accompanied in some task situations by an additional distinct component of latency

range 250-500 msec (P300).

In place of two distinct

components, a large slow wave

extending across the

ranges of P200 and P300 is seen in some subjects.

A recent attention study by Ford, Roth, Dirks, &

Kopell (1973) reexamined and further specified some of
the generalities of earlier investigations concerning
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attention and signal detection tasks.

In this design an

array of four stimulus types was presented
to each subject, who under four conditions was
successively required
to attend (and respond by push-button) to
click, flash,

change in background noise, or change in background
illu-

mination of a visual fixation point.

Thus EP differences

could be examined for a particular stimulus with respect
to the relevance of its modality, as well as

spect to its relevance within its modality.

with reThree dif-

ferent waveform types were therefore generated for each
stimulus, according to its significance as (l) relevant

for the task,

(2)

irrelevant, but within a relevant mo-

dality, and (3) being within the irrelevant modality.
The results showed a negative component for which large

amplitude (at about 225 msec, following P200) was con-

tingent upon relevance of the stimulus modality only.
On the other hand, P300 was large if the stimulus was

relevant, medium-sized if only the modality was relevant,

and virtually non-existent if the modality was irrelevant.
The authors therefore concluded that these two compo-

nents reflect either "different types of processes or
different stages in one type of process.**

Thus the first

component might represent sensory gating or a "prelimi-

nary decision" regarding stimulus significance, with the
second component reflecting the "subsequent decision based
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on specific features within a
modality."

An earlier study with somewhat
related findings was
that of Sutton, Braren, Zubin, &
John (1965). This study
found that the EP waveshape was
influenced by the subject's
uncertainty with respect to the qualitative
nature
of the

stimulus to be presented.

Sutton et al. used stimulus

pairs where different initial (cue) stimuli
were associated with visual or auditory test stimuli
on a variety of
probability schedules. After the subject received
the
cue stimulus, he reported his expectation
for the modality of the test stimulus.

These authors found that the

stimulus presentations associated with greater
uncertainty reliably elicited a larger positive-going
deflection

at a latency of about 300 msec.

Thus when the two dif-

ferent cue stimuli indicated, for example, that a flash
stimulus would follow with respective probabilities of
.33 and .66, the flash stimuli on the former schedule

yielded consistently greater amplitude in the P300 component.

Uncertainty was also examined by averaging correct

and incorrect guesses on a .50-.50 schedule for sound vs.

light stimuli.

The results again showed greater amplitude

for P300 during incorrect guesses.
ever,

The authors add, how-

that the relative amplitude of the waveforms for

right and wrong guesses is also influenced by "the complex
interaction of stimulus probabilities, payoff structure of
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the guessing game,

and the sequence of correct and incor-

rect guesses, as well as the physical parameters
of the
stimuli."
This complex of psychological factors that apparently

affect the P300 component may account to some extent
for
the differences between this study of Sutton et al.
and

that of Ford et al.

The latter states that some match-

ing of a sensory event to a neural template may be reflect
ed in the P30O component, as first suggested by Hillyard,

Squires, Bauer, & Lindsay

(1971).

The interpretive dis-

crepancy here centers around the expectation that greater
P300 amplitude is associated with successful matching
(Ford et al.), rather than with mismatched events, in-

correct anticipation, or uncertainty reduction (Sutton
et al.).

While these differences may result from pre-

mature attempts at theoretical refinement, the convergence
of data suggesting P300 as a reflection of a complex of

psychological factors is important common ground for the
two studies.
The work of Sutton et al.(1965) is also further con-

firmed and elaborated by Sutton, Tueting, Zubin, & John
(1967).

This study examined more fully the hypothesis

that P300 reflects uncertainty reduction through the infor

mation content of the stimulus.

Information conveyed

through the absence of an expected stimulus was also
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represented in the late component of the EP.
case, however,

and flatter.

in this

the P 3 00 deflection was smaller,
broader,

The authors considered this lack of
peaked

shape as artifactual and the result of
an inaccuracy in
the subject's time sense that leads to
a temporal spreading of the evoked responses and thus to a
flatter average.

Another study indicating the complexity of factors
influencing the P300 component, is that of Hillyard,

Squires,

Bauer, & Lindsay

(1971), mentioned previously.

This

work was apparently in response to a problematical
corw

elusion of Clark, Butler, & Rosner (1969) that "evoked
activity.

.

.may play no essential or important role in

determining perceptual reactions.-

Hillyard et al. used

an auditory signal detection task, and examined the waveforms associated with the four possible combinations of
signal conditions and observer's responses (ie. hits,
misses, false alarms, and correct rejections).

Time-

locked activity was averaged with respect to the termina-

tion of a warning signal.

The results showed that as

signal intensity and hit rate increased, the area of the

P300 component for averaged hit trials also increased,
while at corresponding signal levels averaged waveforms
for misses had essentially no P300 component.

Furthermore,

the waveforms for hits showed a late component at consis-

tently lower signal intensities than were required for

production of P3OO in a passive listening condition.

The
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authors suggest that P300 is "closely linked to
cerebral
events that underlie the sensory analysis and
subsequent

correct decision of signal occurrence."

Their finding

of decreased P30O area above a hit rate of
90%, also

relates to the emphasis of Sutton et al. on the influence
of the prior uncertainty of the subject.

Their observa-

tion of a minimum P300 wave on correct rejection trials,
however, does not readily fit any of the interpretations

currently voiced.
Finally, two recent studies by Jenness (1973) and

Schafer & Marcus (1973) add even more variety to the
factors known to affect the EP waveshape.

The first of

these involved a difficult auditory discrimination task
in which two very similar clicks had to be distinguished
in order for a particular reinforcement schedule to apply.

If a click was correctly identified it was then repeated
as feedback.

Jenness found that the waveshape varied

greatly as a function of the role of the eliciting stimulus.

In fact, the wave conformations associated with the

two roles were sufficiently different to prevent direct

comparison of the individual components of the EPs.

In

addition, while EPs to the two slightly different test

clicks became progressively differentiated during acqui-

sition of the task, no changes occurred to the EPs of the
same clicks in their role as feedback.

The author suggests
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that this latter point may imply that the feedback
click

EP was a function of "more molar factors in the
subject's

approach or reaction, such as his assessment of success
or his strategy

.

Schafer & Marcus (1973) investigated a "self-stimulation
effect,

"

in which they find that EPs to auditory and visual

stimuli are systematically of lower amplitude and slightly

shorter latency when stimulus presentation is controlled
by the subject,

than when it is programmed by machine.

While early EP components (latency less than 100

msec)

are not affected by this "foreknowledge" variable, later

components are more or less uniformly influenced.
The studies here referred to have established several

generalities with respect to the meaning of the evoked potential.

To begin,

the early components of the

waveform appear to be the most faithful
changes in stimulus related variables
duration, and threshold.

lated" in a general sense,

reflecting

in

such

Although it is

EP

as luminance,

"stimulus re-

a change in visual

pattern

and the attentional fluctuations that it elicits,
ently produce a more consistent correlate of
change in a later latency range.

appar-

pattern

This later range gener-

ally involves the prominent "vertex" potential (P200), but

may also include the P300 component, which appears to be the
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most responsive to the manipulation of diverse
psychological variables.

The late components likely reflect a

process of interaction between a sensory event and endogenous influences that establish the meaning of a stimulus.

A large number of investigations have shown that

identical stimulus presentations can elicit different

waveforms when conditions are altered such as attention,
task requirements, stimulus role sub jective uncertainty,
,

and so on.

While these studies have demonstrated in

detail the complexity of the factors affecting the EP,
they have not directly addressed the question of whether

purely subjective perceptual changes, in response to an

unchanging stimulus array, would be reflected in a modified evoked waveform.

In the experiment described below

this issue was approached through the use of an ambiguous,

bi-stable visual stimulus.

A neutral bi-stable figure

such as the Necker cube (see Figure l), has unique potential in this context by offering two subjectively different

perceptual values that spontaneously alternate without
any obvious changes in stimulus role, task requirements,

reinforcement contingencies, etc.
A number of studies have examined variables that might influ
ence

the perceptual reversal of the Necker cube.

Pheiffer, Eure, & Hamilton (1956) and Pritchard (1958)

showed that eye movements were not a major factor affecting

Figure

1

Necker cube pattern, actual size.
Arrow indicates point of fixation.
Visual display was a negative transparency of the design shown, without the arrow.
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fluctuations of reversible figures.

Spitz & Lipman(l962)

confirmed this finding and also found that
Necker cube
reversing was a function of neither eye blinks
nor retinal factors.
In this study, during two minutes of continuous viewing the Necker cube spontaneous reversal
rate increased following a negatively accelerating
function.

While this rate progression was not disrupted by

switching (after

1

minute) to a fresh retina, switching

to both a fresh retina and cerebral hemisphere did dis-

rupt the normal rate increase.

In this case the rate

dropped to kO%-^Q% of the previous level.

This change

was the same as that resulting from a two-minute rest
period, midway in the test session.

During this experi-

ment reversal rate was recorded as the number of reversals during successive 30 second periods.

It is interest-

ing to note that although a significantly elevated reversal rate was reliably present on an initial 30 second

viewing period (following rest or hemisphere switch), the
reversal rates were not significantly different for the
second 30 second periods.

Thus, while familiarity can

influence initial reversal rates, the effect is temporary
(less than 30 seconds) and is superceded by changes in

rate that are likely "due to a central localized fatigue
or cortical satiation process."

Spitz & Lipman also point
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out that the familiarity effect is lost
within at least
4-8 weeks, when original reversal rates
reappear.
In summary, this additional evidence for
the central,

localized, and primarily non-learned nature of the
Necker
cube reversal phenomenon, again increases its
potential

for further clarifying the relation between perception
and the averaged evoked potential.
In the experiment described below, EPs were recorded

from human subjects while they viewed a Necker cube pattern.

The pattern was continuously visible, and in addi-

tion flashed at irregular intervals.

After each flash

the subject reported on his spatial interpretation of the

pattern at the time of the flash.

If differences are in

fact detectable among the visual EPs associated with differ
ent interpretive categories, a valuable further distinction

might be concerned with whether these differences are

modality specific, or on the other hand are non-specific and
are associated with gross arousal changes occurring all

over the brain.

This issue may be of particular interest

considering the attention that has been given to the possibly non-specific nature of the vertex wave, which is also

associated with the visual EPs to pattern.

For this reason

auditory EPs were recorded in a separate session, during

which a loud click stimulus was subsistuted for the flash
and the subject saw only the dim steady illumination of the
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pattern.

Methods

Each of eight subjects was seated in a darkened,

electrically shielded chamber.
for dark adaptation.

Five minutes were allowed

A negative transparency of the Neck-

er cube shown in Figure

1

was mounted on the front of a

box containing both steady and stroboscopic lamps.

Dur-

ing testing the pattern was steadily transilluminated

through 1/8 inch of opal glass which, when illuminated,
had a luminance of .65 millilamberts

.

Periodically the

luminance was increased by a single flash of the xenon
strobe in the box (stimulus presentation).
was at eye level,
ber,

The display

outside the electrically shielded cham-

one meter in front of the subject.

When questioned

prior to testing, each subject spontaneously interpreted
the stimulus pattern as representing a cube, and found

that the depth features of the figure repeatedly reversed

during continuous examination.

During the testing portion

of each experimental session, the subject was instructed
to fixate his/her gaze on the upper "internal corner" of
the pattern (see arrow in Figure l), and report (after a

stimulus presentation) the apparent position of the fixa-

tion point in the pre- and post-stimulus perception of the
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figure.

If the fixation "corner" appeared
to be toward

the subject,

the report was "out", and if it seemed
to be

away from the subject, the report was
"in."

Thus,

four

report categories were generated! (l) "in-in"
(II),
"out-out" (00), ( 3 ) "out-in" (01), and

(2)

"in-out" (10).

A fifth report category was used when
the subject was

uncertain, or blinked, or had any other gross body
movement.

Flash stimuli were presented randomly with a mean

inter-trial interval of 4 seconds.

The inter-trial in-

terval began after the subject's report.

Each subject

received 20 practice trials, and was then tested for 18
blocks of 25 trials per block.
by a 3 minute rest period,

Each block was followed

except block #9, which was

followed by a 15 minute rest.

During all rest periods

the pattern illumination was off.

This experimental ses-

sion with flash stimuli constituted the testing under the
visual condition.
In a second test session auditory EPs were examined.

Under this auditory condition the procedure was the same
except that a loud click was substituted for the flash of
the pattern,

and therefore no change in the luminance of

the figure occurred.

The click was produced by a

10 volt pulse from a Grass S6 Stimulator.

1

msec,

The pulse was

amplified by a Grass AM3DR audio monitor, and broadcast
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through a speaker at a level of
90 db.As in the visual COHrdition, the subject fixated on the
dimly illuminated figure
and reported pre- and post-stimulus
perceptions of the pattern.
Half the subjects received the visual
condition
first, the other half were tested first
in the auditory
condition.
In the visual condition electroencephalograph^
activity

was recorded from a point 2.5 cm above the
inion and

cm to the right of midline.

recorded from the vertex.

2.5

EEG for the auditory EPs was
The reference was at the vertex

in the visual condition and at the earlobes in the
auditory

condition, and was grounded in both conditions.

The EEG

signal was amplified through two Grass EEG preamplifiers
in series, and passed through a Vetter FM recording adapter

onto i inch recording tape using a Sony audio tape recorder.

EEG activity was later averaged on a Hewlett-Packard 2100A
computer, with temporal reference to a stimulus mark on
the second tape channel.

Results

In the distribution of response categories, all subjects

gave category 00 ("out-out") most frequently, with category
II ("in-in") the next most frequent in most cases.

Cate-

gories 01 and 10, in which stimulus presentation was asso-
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ciated with perceptual change, were generally
more frequent
in the visual condition than in the auditory
condition.
Selection of category comparisons .

In the statistical

examination of the EP waveforms associated with the
response
categories, only two category comparisons were carried
out

within each condition.

Comparisons were made between the

waveforms for categories II and 00, and also between
those
for 01 and 10.
two reasons.

Other combinations were not examined for
First, as noted above, the response frequencies

were generally more comparable between II and 00, and between 01 and 10.
a

Secondly, since the mechanism whereby

stimulus presentation precipitates alteration in the

perception of the pattern is unknown,

a

functional analogy

could not be assumed to apply between the processes in-

volved in the EPs for II and 00 (no perceptual change),
and those involved in the EPs for 01 and 10 (perceptual

change)

Selection of trials for averaging.

As far as possible,

comparisons were made between averaged EPs constructed
from equal numbers of trials*

To the extent that two

response frequencies differed, an appropriate proportion
of trials from the more frequent response category was

selected across the entire experimental session*

For

example, if the ratio of numbers of trials in two categories

was 3:4, then only three out of every
four trials would be
taken (in sequence) from the more frequent
category.
Thus any variations in the EP occurring
with time, as for
example might result from fatigue, contribute
equally
to

all averages.

Component selection.

Since the studies mentioned ear-

lier indicated that correlates of pattern change as
well
as various psychological variables have been found
in EP

late components, the wave selected for statistical exami-

nation was the largest positive peak in the latency range
160-500 msec.

The amplitude of this component was mea-

sured from the largest negative potential preceding the

positive wave.
mined.

Latency of the positive peak was also exa-

In most cases the component tested appeared at

latency of 200-250 msec.

a

In two cases of visual EPs, and

in four cases from the auditory condition, an additional

late wave was found and this was also examined with

test in the manner described below.

a t

In two other cases

(subject A-auditory, and subject H-visual), late components appeared to be merged into a single large slow wave,

and this component was tested as a whole.

Statistical examination .

The averaged EPs from all

eight subjects are shown in Figure 2A-H, along with one

difference wave for each pair that was examined statistically.

The appropriate amplitude and latency scores taken

Figure 2A-H

Averaged evoked potentials for subjects
A-H.
Within each subject, visual EPs are
shown above and auditory EPs below.
Within each condition, EPs to categories II
(top) and 00 are given on left, and EPs to
categories 01 (top) and 10 are given on
right.
Below each pair is the difference
wave for that pair. Circles indicate components that were tested statistically.
The second (positive) component of any
pair was the referent for latency tests.
Primed circles indicate additional components that were tested in the same way.
Asterisks show components for which the
t tests were significant for amplitude (A)
or latency (L).
Positive polarity at the
active electrode is indicated as an upward
deflection. The number to the right of each
EP gives the number of trials averaged.
The calibration mark is 2,5 uv.
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from these EPs are given in Table 3.
examined statistically in two ways.

EP waveforms were

Across subjects an

analysis of variance of the amplitude data
from report
categories II and 00 showed a significant
effect for report category (p < .05) and for the report
category-modality

interaction

(p

<.05).

Thus within the two more frequent

report categories an EP correlate of perceptual
report was
seen, but was present only in the data from the
visual

modality.

The corresponding F values for the analysis of

01 and 10 data, and for the analysis of the data pooled

from all categories, were non-significant.

The same an-

alyses were performed on the latency data and gave no sig-

nificant F values.

All the data used in the analyses of

variance were from the major positive component in the
latency range of 160-500 msec.
are summarized in Table 4.

were also compared by use of

between two means.

The analyses of variance

Within subjects EP waveforms
a t

test for the difference

Variance estimates were obtained from

the appropriate amplitude and latency values for the series

of "constituent averages" that together composed an averaged EP.

An EP made from 104 trials, for example, would

have 8 constituent averages of 13 trials each.

By using

this method systematic waveshape changes during an experi-

mental session can more easily be noticed, as can large
artifacts which occasionally may distort

a

single constituent
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waveform, but which do not represent
the type of systematic
changes associated with experimental
treatments (in this
case subjective report categories).
The waveform deflection points used for testing the EPs,
and the cases of
statistical significance in amplitude Ca)
or latency
are also indicated in Figure 2.

CD

t tests

visual condition .

;

The results of all t tests

of the data are given in Tables 1 and 2.

condition one subject

waveform comparisons.

(G)

Within the visual

showed significance on both

Five other subjects showed

ference on one comparison only.

a

dif-

All of the comparisons

yielding significance were tests of the largest positive

deflection in the 160-500 msec range.

The EPs from sub-

jects C and H are distinct, however, in that C showed

well defined P300 as the largest component, while

a

a

large

P200 was also present which did not give significance.

Subject H had

a

minor P200 and

a

broad P300 that showed

differences in peak latency in the II vs. 00 comparison.
Subject G was the only other (besides H) to show

a

latency

difference in the visual condition, and is noteworthy in
that while it is the only case with two significant com-

parisons, the significance is for two different characteristics (i.e., amplitude in one test, latency in the other).
All other significant comparisons were with respect to

amplitude, and no component (within

a

single comparison)
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T TESTS OF AMPLITUDE DIFFERENCES

Subject

Test of
II vs. 00

Condition
Est

B

1

df

.119 14
'..947 1.061 14

Visual
Auditory

1.252 3.O88 14
1.728
.984 14
1.693 .820 14

Visual

2.215
2.154
1.499

Ei

.731

.01

Est,

a-

t

df

1.388
2.946

.815
.118

2.201
2.168
1.620

.118 14
.966 14
.134 14

£i

8
6

.766 14
.766 14
.232 14

2.597 1.508 14
2.134 2.981 14
2.241
.194 14

.01

Visual
Auditory

.952 1.412 14
.836
.883 14
.941
.786 14

1.658 2.632 10

.05

Visual
Auditory

1.813 .814 14
I.O65 I.937 14

Visual
Auditory

I.O36

Visual

.897 2.666 14
1.023 1.107 14
1.086 1.367 14
1.217 1.203 14

Auditory

H

°~

Visual
Auditory

Auditory

E

-

Test of
01 vs. TO

Visual
Auditory

Table 1.
Tests of
the estimates of cr
dom are determined
used in the pooled

.882

1.479
1.025
I.256

1.265
1.689

.756 14
.638 14

.412 14
.981 14
.843 14

.720 14
.181 14

.693 2.885 14
.835
.936 14

.02

.880
.918

.444 10
.379 10
1.692
.616 10
1.446 1.114 10

1.314 .901
2.584
.982
2.805 1.320

7
2
2

amplitude differences. Values for
are in microvolts.
Degrees of freeby the number of constituent averages
estimate.

.02
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T TESTS OF LATENCY DIFFERENCES

Subject

Condition
£st

A

B

'

1

M

14
1.796 1*

Visual
Auditory

9.5
3.5
8.1

.9^5 14
.872 14
6.644 14

13.7
7.4
7.^
19.6

1.763 14

Visual
Auditory

1.7
2.7
4.2

Visual
Auditory

cu**
01
VS. °L
IQ

El

k

0

0-

Est.

3

t

df

o RU

a

6.3

5a

1.428 14

16.2

28.2
4.3
48.3

.745 14
693 14
14

14
1.130 14
1.409 14

2.1

1.439 10

12.5
3.3

.239 14
0
14

10.9
5.2

.275 14
.576 14

Visual
Auditory

11.5
8.3

1.037 14
1.077 14

8.8
7.2

1.704 14
2.903 14

Visual

7.7
11.4
6.6
14.3

14
.264 14
.456 14
1.035 14

10.3
13.9
15.2
18.4

2.921 10
0
10
.988 10
1.096 10

23.^
10.6
12.6

3.716 14
I.698 14
1.523 14

25.1
28.6
32.1

Visual
Auditory

.408 14
.^08
0
14

0

0

E<

g

.591 14
.181 14

Auditory

H

°"

21.3
15.O

Auditory

F

-

Visual
Auditory

Visual

E

1

jTys
ii
—l£j—°00
WJi

002

.359
.710
.850

7
2
2

Table 2.
Tests of latency differences.
Values for the
estimates of 0* are in milliseconds. Degrees of freedom
are determined by the number of constituent averages I
used in the pooled estimate.

.02

.02
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SCORES FROM AVERAGED EVOKED RESPONSES

Visual

Amplitude
S

A

II

00

01

10

Latency

11-00

172 170 202 176

01-10

II

00

01

10

11-00 01-10

2

26

78

78

76

80

0

-4

327

109

14

71

74

77

74

-3

3

58

145

121 129 122 129

—0

-7

D

392 334 444 299
380 329 272 372

51

-100

62

62

62

63

6

-1

£

397 343 390 369

54

21

80

81

81

80

-1

1

F

230 228 256 240

2

16

83

79

77

82

4

-5

G

320 265 302 311

-9

71

71

61

71

0

-10

H

259 262 253

55
-14

141 112 134 131

29

3

D
C

3^1

""5

n

9

Auditory

Amplitude
s

IT

00

01

10

Latenc y

11-00

U1-1U

TT
1
I

00

01

10

11-00 01-10

A

220 197 298 290

23

8

B

362 401 461 413

-39

48

58

59

58

C

308 300 283 273

8

10

84

84

81

D

331 348

-17

92

91

E

531 578 525 518

-47

7

91

91

93

92

0

1

F

217 230 268 250

-13

18

98

95

90

97

3

-7

G

123 157 150 126
189 181 228 162

-34

24

82

81

81

86

1

-5

8

66

62

65

53

64

-3

-11

H

141 132 129 115

9

14

57

-1

1

88

0

-7

1

Table 3.
Amplitude and latency scores from averaged EPs.
Latency scores shown are in milliseconds divided by 3. Ampli
tude scores are a linear transformation of voltage.
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RESULTS OF ANALYSES OF VARIANCE

Amplitude Analysis
SV
JT

Combined Data
R

4.57

C

1.6i

M

.002

RC

.24

RM

2.20

CM

A9

RCM

II & 00 Only

01 & 10 Onlv

5.84*

2.27

.00?

.03

6.31*

.08

3.22

Latency Analysis
SV

F

Combined Data
R

.13

C

.20

M

.26

RC

.42

RM

.13

CM

3.36

RCM

II & 00 Onlv

01 & 10 Only

.46

.10

.12

.45

.005

.38

.20

Table 4.
Results of analyses of variance.. Sources of
variance are indicated as follows* R = Report category;
C = Perceptual change; M = Modality.
Asterisk indicates

P<

.05.

#
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was found to be significant for
both amplitude and latency.
The distribution of tests yielding
significance was approx-

imately equal for the two types of
comparisons:

four tests

of 01 vs. 10; and three tests of II
vs. 00.
t tests

:

auditory condition .

In the auditory EPs two

comparisons showed statistical significance.

Comparison

of II vs. 00 for subject B gave a difference
for

P300 component, and subject F showed

a

a

small

difference for the

major positive late wave (P200) in the test of 01
vs. 10.
In contrast to the general prevalence of amplitude
differences in the visual condition, both these cases of
signi-

ficance were for latency of the component.

In addition,

these two subjects also showed significance for the same
comparison in the visual condition, where the difference
was in terms of amplitude.

Overall, within the visual condition

subjects showed

6

some significant differences between waveforms associated

with comparable response categories.

Two of these subjects

also showed differences in the same comparisons for the

auditory condition.
(5)

All significant amplitude differences

were in the visual condition, while latency differences

were equally distributed between both conditions
stances in each).
(2

Finally, unless

a

(2

in-

larger P300 was present

cases, both significant), all significant differences

in the visual condition occurred at the P200 component.

«
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Discussion
The major aim of the
present experiment was to
determine
whether reports of a subjective
change in a visual stimulus
correlated with changes in
associated evoked potentials.
The results indicate that
such correlates can be
seen,

and that in addition they
appear to be modality specific.
Interpretation of the results is
complicated, however, in
two ways. First, the
differences in distribution of
amplitude and latency significance
seem to suggest that at
least for this paradigm these two
characteristics may re-

flect different, perhaps mutually
exclusive processes that
the subject uses when distinguishing
between report categories. The present data imply that
latency difference
may reflect a process which is used
infrequently and is
equally likely in the two conditions.
Amplitude differences,
on the other hand, appear related
to processes that are in
this case restricted to the visual
system or are otherwise
only elicited by the demand characteristics
of the visual
condition. Since it is the vertex wave that
predominates
in yielding significance, these data appear
to support the
modality specificity of this component.
A second complication in the data is the distribution
of P300, which is not uniform.

This component appeared

three times in the visual condition and five times in the
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auditory condition.

However, it yielded significanc
e

twice in the visual condition and
only once within th e
auditory EPs. In both the cases of
visual t test significance, P300 was larger than the
vertex wave. Since P300
has frequently been involved in
studies using signal detection tasks and uncertainty over stimulus
occurrence,
it is conceivable that some subjects
respond to

domized schedule with

a

a

ran-

subjective uncertainty that leads

to P300 formation upon presentation of
the stimulus (i.e.,
stimulus causes uncertainty reduction). The
greater fre-

quency of P300 in the auditory condition is
consistent
with this interpretation, since the subject is
required
to continually attend to a modality other than
that of the

stimulus (i.e., subject must process visual stimulus, then
report. with respect to the occurrence of

a

click stimulus).

In fact, some subjects reported that they were occasion-

ally unsure about the timing of the click with regard to

changes in the ongoing processing of the visual array.

Despite these complications, some relatively simple

interpretive points can be made that are consistent with
the views of other researchers.

In a recent analysis that

relates to both cognitive and EP studies, Posner (1974)

distinguishes three aspects of what is commonly called
attention.

These include alertness (tonic and phasic

types), selection (stimulus set and response set), and
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effortful conscious processing.

He further suggests that

within the range of late components,
stimulus set may be
associated with the vertex wave
while response

set (e.g.,

occurrence of target vs. non-target
stimulus) may be
reflected in a later (P300) component.
Given this viewpoint, data from the visual
condition of the present study
would seem to imply that stimulus
set is important
in the

interpretation of the Necker pattern as

a

cube.

Posner

also points out that while selection
functions by facilitating sensory-memory pathways, the
limited capacity

mechanism for conscious processing involves
inhibition of
competing signals. In the application of
these notions
to the present study, the "corner" of
the stimulus pattern
may be taken as a depth cue and lead to
enhancement of

parts of the figure as "front".

The conscious perceptual

mechanism may then inhibit alternate interpretations of
the
cube. The changes in rate of perceptual reversal that
were
reported by Spitz & Lipman are consistent with

a

relatively

rapid fatiguing of this hypothetical inhibitory influence,
such that the reversal rate asymptotes at

a

level more

closely reflecting some type of higher frequency scanning
in earlier stages of processing.

Beck (1969) has suggested that attention may be re-

flected neurophysiologically by an increased stability in
certain areas of the brain, possibly brought about by the
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influence of the reticular system
or anterior thalamic
nuclei, and resulting in an
improved signal-to-noise

ratio.

More specifically, he is concerned
with whether association
areas of the cortex which are
polysensory show differential effects to one modality when
that modality has been
conditioned. Beck offers evidence for
such changes in
cats, and the present findings may
give a related example
in humans. The work of Nicki (1967),
as referred to by
Berlyne (1969), implies that some involvement
of condi-

tioning cannot be completely ruled out in
the present
study. Nicki found that with human subjects
replacement
of a blurred picture by its clear counterpart
was more
reinforcing than its replacement by an unrelated
clear
picture.

The rewarding effect was due to removal of the

subjective uncertainty associated with the blurred picture,
as was shown,

for example, by the loss of the effect when

the clear picture was shown first.

made that the ambiguity of

would provoke

a

a

If the assumption is

figure such as

a

Necker cube

similar subjective uncertainty, then the

resolution of this figure into one or the other of the
two basic spatial interpretations might well be reinforcing,

However, in the case of this particular ambiguous figure
(as opposed to one such as the "face-vase" figure), there

appears to be no obvious reason why either of the two in-

terpretations would be any more reinforcing than the other,

35

and could therefore promote

a

reinforcement differential

between the perceptions represented
by the different categories. In addition, if the reinforcing
value of uncertainty reduction were a prime factor in the
differentiation of
the EPs, then greater involvement of P300
might be expected,
as in the earlier experiments concerned
with uncertainty.

Quite the contrary, significant differences here
are for the
most part in the earlier P200 wave.
A final interpretive point relates to the asymmetric
distribution of responses across the different report
categories. Since 00 is more frequent than II, the subjects
may be attending differentially to II because it is
more
novel.
a

If this were the case, it would be reflected in

correlation between the size of the difference for 11-00

and the difference between the proportions of responses
in the two categories.

The appropriate values of Pearson's

r were therefore determined across subjects for the eight

comparisons previously considered (i.e., 11-00 and 01-10,
for amplitude and latency, and for both modalities).

The

values of r ranged from -.42 to +.62, and were all non-

significant.

This novelty hypothesis therefore does not

seem useful in accounting for the present data.
In summary, the results of this experiment imply

several points.

First, perceptual changes in an ambiguous

figure do appear to be reflected in the averaged evoked
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potential.

In the present study, however,
the effect of
report category was small, and the
analysis across subjects

yielded statistical significance only
when the F test was
restricted to data from the more frequent
categories (II
and 00).
These were also the two categories
involving
perceptual stability, but the analysis
on the entire data
set showed that the effect of "change"
vs. "no change"
was non-significant. The present experiment
also indicated that the EP differences due to
perceptual category
were largely specific to the modality under
consideration
(vision), and were primarily in the form of
amplitude

differences in the P200 component.

These results are

generally consistent with the recent position of Posner,
and may imply that stimulus set is involved in the
per-

ception of the Necker cube.
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